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1. Introduction

The tremendous demand for oil and gaé in the United States has

depleted our of! ?nd gas reserves to an extent which has caused concern
for many years. Efforts to maintain American independence from foreign
0il suppliers, a]bng with the rising costs of imported oil, have

made possible the consideration for development of marginal or
previously unproﬁitab1e oil and gas fields in the deeper waters

of the outer continental shelf (0CS).

The éurﬁent heve]opment of subsea production systems for
exp101tat10n‘of these deep water petro]edm re#erves poSes new
inspection pr0b1ems for the U.S. Geo]og1ca1 Survey (USGS).

This report presents the results of a study fhnded by USGS to
explore techniques for inspection of sea f]oor completion and
production equ1pment. A technique requ1rjng peTther divers nor
submersibles has been jdentified and its detaﬂicd application for
the Exxon subsea production system (sps) 1s presented in Appendix A
to this report. The technique uses productioh tubing within the
system and could substantially reduce 1nspect10n expense and

danger to 1nspectors which would otherwise be'encountered during
first-hand inspecticns. This technigue is exp1a1ned in detail

in Sections 4 and 5. Section 6 contains a review of 0CS orders
applicable to subsea systeins with suggestbd génerai inspection
procedures. Appendix B includes the testfprocedure suggestéd to
USGS by Shell/Lockheed for their subsea well kontrol system,

along with recommendations by HDL. !
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2. Types of Subsea Svstems

Various approaches are being taken to produce oil from deeper
water using subsea systems. There are three basically different
approaches to deep watéer production:

1. The comp]etgly submerged, remote controlled system:
Production equipment specifically designed for operation in the deep
water envirorment is manifolded on a submerged template mounted on
the ocean floor. Maintenance is by pump down tools and manned or
remote manipulators. The Exxon Subsea Production System {SPS)
discussed in Appendix A is of this type.

2. The atmosphéric wellhead: Subsea production equipment is
Tocated in a chamber ‘maintained at atmospheric pressure. The
chamber is accessible to workers from transfer capsules or
submersibles, This approach allows the use of conventional
completion equipment and maintenance of that equipment by personnel
in a dry, one-atmosphere environment. The ¢he]1/Lockheed system
discussed in the Appendix B of this type. '

3. The surfacedplatform/deep water we}IheaJ system: Innovative
designs for surface production ptatforms which aﬁe beiny developed for
use in deep water present unique structural eva]uat1on problems,
These systems are outside the scope of this repoﬁt

A1l these systems are being designed for depth capability of
1000 ft. and beyond, but most are presently conf?ned to 300 ft. or
less for ease of exper1menta1 testing. Although,all these systems
present cha1lenq1ng prochms for inspection, the‘Exxon SPS was chosen
for detailed investigation because ' it provided a range of inspection
problens repreqentat1\e of subsea paoductson systems. Sufficlient
design data were ava11ab1e on this systen to permlt a thorough
evaluation of these prob]ems

o I
3. Inspection Techniqueq and-Procediires

As part of ongoing OCS lease management, program USGS personnel
are responsible for énsur1ng that all offshore exploratory and production
operations are performed in a safe and po]1|t1on prevent1ng manner
“according to pub]1shéd OCS orders. This 1espons1b111ty is carried out
by hoth scheduled (nd tmechediied inspectices of all offshore operating
facilities. In some ca €5, these ipspections can be made by visual
observation or by readlng instruments while prescribed test procedures
are carried out. In'other cases, the inspector must question the
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lessee concern1ng 1nsta11at1on of critical equ1pment or testing w1thout
actually observing the item in question. For obvious reasons, it is
preferable to make first-hand observations whenever possible. In
subsea operat1onsu this brings up the gues t1on of the techniques and
procedures requ1red to perform "these inspections. One very direct 7
technique would be to employ submersible veh1e1es-having windows for ’t! Ea
viewing of underwater equipment by trained inepectors. However, this £
method will evideet]yvbe very costly, requiriﬁg not only the submersible,
but also a spec1a11y équ1pped surface fupp@tt/1aunch1ng vessel. Esti- '
mates for emp10y1ng submersible vehicles are as high as $18 m1111on]/
for development of a complete system including ship, submersible, and
special tools, The shbmersib]e cost alone wop1d be in the area of
$1 to $2 miltion Each Thus, complete independente from reliance on S
the pgoducers comes dearly. nor a VJJId dgmtﬂf'

everal of the more sophisticated subsea production systems feature
personne] transfer capsules. At the risk of increasing dependence
on pruducers, thebe company-operated submersible enc1osures could be
used. ‘ Stin another alternative is the possibility of leasing sub- » f'“'“?-“’

ey '
TV R

TR I
copteh transport is currently obtained by UwCS to d1scharge its present i

inspection respons1b111t1es This would tend to defray the high pur~
chase ‘cost and a1so minimize reliance on producers T T
However, the safety of the 1nspectors performnng the unLerwater
1n5pect10n is of primary concern. Well known potential dangers gener-lM"f(‘@fjarY
ally related to Tife support, structural integrity, and surface com-

mer31b1es and suppor; sh1ps from commerc1a] organ17at1ons as he11—

munications exist when manned submersibles are used in such operations.
Accidents and human error occurring while submerged can be vastly more
serious than if they occurred in the normal environment. The use of
manned submersibles would also require a regular inspection of the
submersible and its ancillary equipment to asﬁure safety. The added
burden of such a program, if undertaken, is self-evident.

3/ Unpublished correspondence, Dr. J. D. Stochiw, NUC to J. Meek, HDL.
23 Jan 1976, j
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Another a]tkrnative is the use of an unmanned submersible. The ; y it
use of unmanned, remote controlled underwater vehicies with television jh?;’
and manipu]ators would eliminate personnel danger. However, extra v
costs and poss1ble technical Timitations make a third alternative de-
sirable if feasib]e This alternative is to' provide remote read ouf “Téfﬁ _
so that 1nspect0rs may perform the inspections fiom ‘aboard the pro— f :L:r)%iﬂ
duction-support vessg]s or deep-water platforms already in use by the AR
lessees, The a]ternat1ve vould require that techniqueq be used toi
sense the item 1n quest1on at the subsea welﬂhead or production equip-
ment and transmit th1s critical information to the surface. This |
sensing may reqqire 1n9ta11at1on of p051t1on, pressure, and thermal ’zgj;i!
transducers in Qﬂ]vﬁs. pipes, pumps, etc., 1ocated in the subsea en- 7
vironment. Te]emeter1ng the information to the surface could involve
ultrasonic, hydﬁauiic, electric-wire, or other transmission techniques.

The 1nformat1onld1splays could inlcude v1sua1 gages or meters, and com-
puter controlled cathode -ray tubes (CRT's). . 1”  !

The cons1dqrat1ons discussed above place inspection techniques |

and procedures 1h three categories; i.e., those performed by manned

submersibles, by unmanned submersible, and by remote control/display. ﬁi&?ﬂé’
Ultimately, it would appear that emphasis should be placed on sensors e :
- _on the subsea smsteﬂ. with data display or readout at the surface : ?
vessel or p]atfdrm Increased use of sensors, however, will require Jﬁé; |

the development of methods for their ca11brdt1on A method for cali-
brating pressur@ transducers and determ1n1ng ex1stence and magnitude of
leakage through’ closed valves is presented 1n the next secion of this
report. This approach would g11m1nate the need for very costly submersible
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vehicles and the suEport sh1ps required for, them, as well as avoid a ”?j’”'if
possib_g__gunce*gj_nl§k to USGS inspectors.

4. Calibration'and Inspection Technigque .

'Production:or service tubing that is accessible at the surface
can be used for-calibration of pressure senéors.and determining valve
leakage if 2 tubing path to the component tq be monitored can be iso-
lated by remote]y actuated valves. If a closed volume of fluid can ,
be obtained in this way, net leakage into or out of the volume can o

be determined by a pressure rise or drop, respectively, which is mea-
sured at the surface. If leakage occurs, the magnitude of the leak
can be determin?d by measuring the flow rate reQuired to hold the - %
surface pressure constant while bleeding f]@id from or pumping fluid
into the tubing'(assuming the fluid in the tubing is in thermal equili-
brium with the:surkoundings). If there is no leakage or if the leakage
1s very small, the process may be used to calibrate subsurface pres-
sure transducers. Surface readings of preséure in the closed volume
can be used to éa11brate the remote read out of subsurface transducers
monitoring the preqsure in the volume if the surface readings are com-
pensated for thé hydraulic gradient in the enclosed fluid. This com-~
pensation and associated errors are discussed in the following section.
This technique for calibration and inspect{on of subsea transducers
and valving requires only that the inspectoﬁ have access to the pipe-
Tines that connéct the subsea system to its surface production and
distribution systems Closed volumes are obta1ned in these pipelines
by appropriately setting (turning on or off) vafious valves in the
pipeline and subsea'systems. Appendix A of this report app1fes this
technique to thé Exxon SPS and shows that the necessary closed volumes
can be obtained for this system to permit iASpQCtion of all necessary
points.
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5. Pressure Transducer Calibration ”/t d";[us

If a pressure trensducer at the bottom oﬁ a long column of fluid
(Tiquid or gas) i§ to be calibrated by applying pressure at the top,
then the pressure 'read at the top must be corrected for the fluid
pressure gradient in the co]umn1to obtain a correct value for pres-
sure at the transducer. If the transducer degth beneath the surface
is 1e§s_ihan_ﬁbgu§_lg_p ft. and. the ca11brat1ng fluid is a liquid,
then a constant 11qu1d density may be assuned 5 one per-
cent error. The pressure correction is then g1ven by efgh, where P is
the fluid densityJ g the acceleration of grav1ty and h is the height
of the fluid co]umn gn terms of specific qrav1ty (relative to water)
Sp.Gr., the pressure cprrect1on (in psi) is O. 434 X Sp.Gr. x h.

For greater accuracy or for greater transducer depths, the com-
pressibility of the fiuid must be considered. F1gure 1 is taken from
APT STD 1101 (Manua1 of Petro]eum Measurement Standards Chapter 5,
Section 2) and presents the compressibility oﬁ hydrocarbons as percent
change in volume ér density per 1000 psi pressure}change for a range
of API gravities and temperatures. Dividing the compressibility per-
centage obtainad from figure 1 by 100,000 results in a factor F such
that ‘

98 - Fap |
where dp is the change in density associated w1th a change 1in pressure
dP 1in ps‘i. ‘ |
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| Integrating botﬁ sides resuits in ;
In ofo, = F(P-p) ;
or Ep ='pSeF(PTP5) : | M

t

I
f

where the subscﬁiptf”s" indicates surface conditions. FEquation (1)
relates the density ct any depth in the fluid column to the pressure
at that point. | ‘:
For a smail change in fluid depth, }
dP =, pgdh (2) f
where dh is the change in depth.
Substituting quation (1) into (2),

ap = ge" P Ps)an

r

or pgdh= e F(P-Pogp

Integrating from the surface to a total
depth D, |

G N I R S
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Rearranging we have

I 4

It is interesting to note that go4D is the pressure head expected for

an incompressible flaid. If FgrgD<< 1 (that' is, the fluid is nearly
incompressible), then equation 3 simplifies io

or PD*P ~%— In(1-Fgo D) i

Pp-Ps = gesD. :
(note: In{1+x) = x for 'x << 1.)
J .

For an example of the type of error that might occur if compressibility
is not considered, assume gpD = 4000 psi (as it would for an agprox
mately 10,000 ft deep subsea completion), and that F = 2 x 10 psi
Thus,

l

b

. 4 : -
Pp-Ps = -3 X 10" 1n(1-0.08) = 4170 psi.

If compressibility had been ignored, the preSsure error would have
been 170 psi. This analysis has assumed that temperature is constant
with depth and that the compressibility of hydrocarbon liquids does
not depend on préssure. The APT STD 11Q1 vaTues for compress1b1]1ty
were based on data from zero to 1,000 psig, so more data may be re-
guired to assure pressure independence. f : o
For cases in which the subsea conditions have been specified (for
example, setting a downhole pressure for calibration of a transducer),
the surface pressure PS, required to establish the condition is unknown.
Thus the surface density required to solve equation 3 is also unknown.

A derivation similar to the above shows that the hydrostatic pressure
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difference 1n terms of 'subsea conditions is |
Pp-P, =Lin (1 + FquD) | (4)

The density of the 0il is most dsua11y known at atmospheric pressure,
s0 the density. at pressure PD1s found from the atm05pher1c density, Pos
from equation 1. J T : ‘ . _

Py = % erD | : . ‘ : (5)

The use of the above equation assumes a constant temperature, so
that density variations in the tubing are causéd only by pressure. The
density at atmospﬁeric‘pressure:and the desired temperature are
found by using table 23, API STD 2540 (ASTM- IP Petro]eum Measurement
Tables) to correct the standard: density measured at 60°F relative to
water at 60°F (Sp. Gr. 60/60°F). Specific gray1ty may be found from
AP1 gravity by usﬁng Table 3 from API STD 2540 or from the equation

Sp. Gr. 60/60°F = 141.5/(API Gravity at 60°F + 131.5).

In the fo]Toﬁing paragraphs several examples will be worked to
demonstrate the use of the equations and to sﬂow the effect of a
temperature gradidnt in the o0il from the ocean floor to the surface.

The example will include two different oils (20° and 60° API 60/60°F)

at tw0-temperaturds (70°F and 120°F)} and two completion depths

(1,000 ft. and 10,000 ft.). The equations wilﬁ be' solved for surface
pressure assuming:a sea bottom transducer is being calibrated at 1,000 psi
for the 1,000 ft. 'deep completion and at 5,00d psi for the 10,000 ft

deep completion. ;The 1,000 ft. depth was chosen because it represents
present capabi1ities for subsea completion; 1d 000 ft. was chosen as

g maximum depth fqr completions in the foreseeable future (in

areas such as the'A1eut1an Basin). )
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Example 1 ! :
1,000 ft. completion -- Py = 1,000 psi j
20° API 60/60°F -- Sp. Gr. = 0.9340
Temp From Fig. 1, From Table 23 (API STD 2540)
70°f F=0.39 x 107 psi™T Sp. Gr. = 0.9305
120F  F = 0.50 x io‘5 psi”] Sp. Gr.  0.9130
At 1,000 psis gogpo = Spe F 1000 - 0,434 x' (3p. Gr.), o X 1000
o5
At 70°F: gosnn. = 0.434 (0.9305) 0-39 X 1077 x 1000
1000
J -
Z psi
0.405 22
0.50 x 1072 x 1000
At 120°F: oy = 0.434 (0.9130) &¥-°0 X 19
1000 ° .
ps1 '
© =10.308 Bel
_ 1 '
PD - pS —F In (1 +.FpD gD) |
or. - :__'_'I ! “'5
At 70°F: P - Pg 1 In (1 +0.39 x 107 x 0.405 x 1000)
- 0.39 x 10 ‘
= 405 psi ;
Pe = 1000 - 405 = 595 psi
At 120°F: Py - Pg = —————  In (1 + 0.50 x 107 x 0.393 x 1000)
0.50 x 10
= 398 psi j
PS = 1000 - 398 = 602 psi

Thus if the éurface pressure PS were set.at 599 psi, the pressure
at the sea bottom transducer would be 1000 + 4 psi even if the temperature
of the 20° API grav1ty 011 varied between 70? and 120°F

f
b

t




Example 2 ;.
'i,OOO ft. completion -- PD = 1,000 psi

'
+
|

i
!
i
'

| |
60° API 60/60°F ~- Sp. Gri = 0.7389 o
Temp From Fig. 1 | From Table 23 (API STD 2540)
| f !
70°F F=0.80 x 107° psi~! Sp. Gr. = 0.7344
120°F F=1.90x 107 psi! Sp. Gr. = 0.7117

At 1000 psi, gp e x 1000 = 0.434-x (Sp. Gr.) _eF x 1000

#9000
0.80 x 10~2 x 1000

At 70°F: gp]iooo

0.434 (0.7344) e
0.321 psi/ft ;

| - 5
At 120°F: goypgo = 0-43¢ (0.7117)e’ 10 X 1077 x 1000
' '=0.312 psi/ft

H|

PD - PS = J’_;* ]n:(] +. Fng[}) ‘ '

At 70°F: P~ b = L 1n (1 +:0.80 x 10°5 x 0.321 x 1000)
| 0.80 x 10 e
! = 321 psi |
, PS = 679 psj j
At 120°F: Py - Po = —1——In (147,10 x 107> x 0.312 x 1000)
P qaox0 o |
= 311 psi .
' P. = 689 psi !

'S _ .
Thus if the surface pressure PS were set at 684 psi, the pressure at the
sea bottom transducer would be 1000 + 5 psi even if the temperature of
the 60° API gravity oil varied between 70° and 120°F.
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From the foregoinq examp]es, it is apparént that for subsea comple-

tions up to 1000 ft, 'there is 1ittle effect on the calculated
pressure at a suhsea transducez due to compress1b111ty and temperature.
The pressure canlbe accurate]y calculated from : w

| i

PD - PS = 0,434 x Sp. Gr. x D,

where the specific gravity of the o0il at stahdard conditions has been

corrected to the:observed temperature (using’ an average between the subsea

and surface oil temperatures) and 1ine pressure.
Example 3 | '
10,000 ft. completion -- Py = 5000 psi
20° API 60/60°F Sp. Gr. = 0.9340
‘ .

1
t
I
'
1

Temp From Fig. 1 From Table 23 (API STD 2540)
70° F=0.39 x 107°psi™) Sp. Gr. = 0.9305
120° F = 0.50 x 10" psi~' Sp. Gr. = 0.9130
At 5000 psi, gogyqy = doe’ * °°%0 = 0.434 XJ(Sg.Gr,)oeF x 5000
At 70°F: gQSbOO = 0.434 (0.9305)e”-7% X 107 x 5000

it}

, 0.412 psi/ft. i .
| -

At 120°F: gogoqo = 0.434 (0.9130)el-30 X 10 7 x 5000
‘ = 0.406 psi/ft
pD - PS "T.'— ]n (] + FDDQD) } ) , .
1 -5
At 70°F: p e o In (1 +0.39 x 1072 x 0.412 x 10,000)
" 's 0.39 x 10°° . - o
j = 4087 psi '
' Pg = 5000 - 4087 = 913 psi, _
At 120°F: Py - P ~-—~1_——~~31n (1 +0.50 x 107 x 0.406 x 10,000) -

.50 x 10




4019 psi '
P$ = 981 psi

Thus if thelsurface pressure PS were seﬁ at 947, the pressure at the
sea bottom transducer would be, 5000 + 34 psi’even if the temperature of

the 20°APY gravity 01] varied between 70° and 120°F.

Example 4 , _
10,000 ft. completion Py = 5000 psi

60° API 60/60°F - Sp. Gr. = 0.7389 -

Temp. From Fig. 1 From Table 23 (API STD 2540)
70°F F= 0.80 x 10 psi”) Sp. Gr. = 0.7344
120°F F'=1.10 x 10" psi”! Sp. Gr. = 0.7117
oF X 5000 o e F x 5000
At 5000 ps1H 905000 = 97,0 X9 = 0, 434 % {Sp. Gr.)oe
-5

At 70°F: gpsooo e 0.434 (o 7344)e0-80 X 1077 o
= 0.332 psi/ft.

. - 1.1 x 10 ‘x 5000
At 120°F: 995000 0.434 (O 7117)e
= 0.326 psi/ft.
1
Py - ,1, n(1+FpgD) |
. -b
At J0°F: P 1= P = -————— n (1 + O 80 x 1077 x 0.332 x 10,000)
D 'S 480 x 1077
= 3277 psi
PS = 5000 - 3277 = 1723 psi
At 120°F: Py - P = -l———-m?; In (1 + 1.1 x 107 x 0.326 x 10,000)
1.710 X 10 . _
= 3203 psi

-
"

¢ = 5000 £ 3202 = 1797 psi




Thys, 1f the surface pressure P were sef at 1760 psi, the pres-
sure at the sea bottom transducer wou]d be 5000 + 37 psi even if the
temperature cf the 60° API gravity oil var1ed between 70° and 120°F.

- From these example calculations for a 10 000 ft. completion, it is .
apparent that temperature variations cause re]ative1y small, errors in
sea floor ca11brat10n pressures even for such a great depth. If the
pressures are needed more accuyrately than this, then the temperature
profile in the tpbing vould be needed. j

It has thus been shown that relatively simple calculations of
liquid hydrostatic head result in accurate pressure values for cali-
bration of subsea transducers.

The cal1bra¢1on of gas pressure transducers is somewhat different.
For Tow pressures and shallow depth, little Eorréction need he made to
the pressure meaéured at the surface. For a:gas specific gravity, S.G.
(relative to air;at 20°C and 14.7 psia), pressure P(psia), and depth
D(ft), the pressure correction »P is given by, -

= 3.56 x 107 x 5.6. x P x D

This equation assumes that the ideal gas law holds and that aP/P
is small. The equation may be modified to 1nclude the super-compres-
sibility factor z as follows

AP = 3.56 x 10™°x S.6. x D x P/z.

For a 1000 ft. deep subsea compTetion, Tine pressure of 1000 psia

even with 1arge,errors in spec1f1c qrav1ty and Z, the pressure corraction
for hydrostatic head of the gqs is small forwdepths up to 1000 ft.
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Again for:a line pressure of 1,000 psi, but a 10,000 ft deep com-
pletion, AP = 3@0 psi, so the assumption of 'AP/P being small no longer
holds. An integration would thus be needed:to determine the transducer
pressure, and the vériab]e z factor should be included in thic integral.
Thus, a closed form.solution 51m11ar to that found for 1iquids cannot
be obtained, and numerical 1ntegrat1on is necessary However, for a
wide range of cond1t10ns, the equations presented for both liquids and
gases allow accurate ca11brat1on of sea bottom pressure transducers

through the production tubing. .
‘ b




6. Inspection Roquirements and Test Procedures
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The 0CS Ordérs were reviewed for those items pertinent to a subsea
~ system. The OCS inspection requirements and'the -suggested general
inspection procedures for these items are discussed in the following

paragraphs.
Tubing Plug

Inspection Requirements (0CS Order No.'$):
1, The sustained 1iquid leakage flow should not exceed

400 cc/min,

2, The gas 1eakagelf]ow should not e*ceéd 15 cu. ft/min.

General Procedure:

The first step ir this procedure is to isolate a column of fluid
between the tubing plug and the inspector wi@h the valves opened as

b

for production except that the tubing plug is in place. Any flow
reaching the insbector at the surface is a direct indication of leakage
past the tubing plugn Thermal equilibrium may be réquired if the
maximum'a11owablé leakage is too small. The flow volume can be measured
at the surface in the same manner as for conventional platform systems.

- Shut-1in Tubing Pfessung

Inspection Requirements (0CS Order No. 5):

1, wélIs with a shut-in tubing pressure of 4000 psig or

greater shall be'equipped with a subsurface-controlled subsurface safety

device. i
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2. When the shut-in tubing pressure declines below 4C00

psig, a remotely dontro]led subsurface safety ﬁevice shall be installed
when the tubing is first removed and reinstalled.

General Procedure:

To determine 1f the shut-in tubing pressure is greater than 4000 psig,
@ pressure sensor shou?d be located where the shut—1n pressure can be sensed.
A convenient arrangement is to locate a pressure sensor between the master
valve and wing valve on each tubing. With the downhoTe safety valve and
Master valve opened and the wing valve closed; the shut-in tubing pressure
as indicated by the sensor is noted. ‘

Calibration Of the pressure sensor can be accomp1ished by applying
a known pressure at the surface to a closed cd]umn of fluid connecting
the surface with the sensor with corrections ca]cu1ated as explained
in Section 5, :
Subsurface Safety Device | |

Inspection Requirements {(OCS Order No. 5):
1, A surface contro!led subsurface safety device shall be

test operated every six menths.
2. A subsurface-controlled subsurface‘safety device shall
be removed, 1nspeeted and repaired every 12 m@nths. B R
General Procedure: 2
To test a surface-controlled subsurface safety device, the well
should be opened for production and the command thenigiven te close
the subsurface safety device, The leakage flew volume, if any, is
measured at the surface in the same manner as for conventional plat-
form systems, : |
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Pressure Relief Va1ves

Inspection Requirements (OCS Order No. 8)

All pressure re11 f valves shall be either bench tested for oper-
ation or tested w1th an external pressure source (if the valve is so
equipped) annually. W ﬁr b S@Q' -

General Procedure:

To test a pressure re]ief valve for operation, the vessel or line

should be pressurized to the pressure necessary to open the valve, by
using the method' suggested in Section 5. Unless remote position in-
dicators are provided, a means to determine whether or not the valve
has actually opeded would have to be devised for each subsea system

by observing the effect on the pressure sensors
Pressure Sensors

Inspection Requirements (OCS Order No, 8)
A1l pressure sensors shall be tested at least once each month.
General Procedure:

To remotely test and caTIbrate a subsea . pressure sensor 1t is P
necessary to:
(1) isolate a closed column of fluid from the surface to
the subsea sensor by properly arranqing the system s valves
(2) determ1ne the 5pec1f1c grav1ty, compressibility and the
column height of the fluid, | i
(3) select the pressure required at the subsea sensor. ‘ |
(4) apply the appropriate pressure at the surface end of
the column, and ' o
(5) compare the telemetered pressure signal or indication
with the pressure applied to the sensor. ! '
Automatic Wellhead Safety Dev1ces :

Inspection Requ1rements (OCS Order No; 8)
All automatic wellhead safety devices sha11 be tested for operation

|

and holding pressure once each:month. ' ! |
| : : ' ’ . 1
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General Proeedure: . . |
'%o test the’opefation of the automatic wellhead safety devices,
" the out-of-the tolerance cond1t1on (usua11y Q1gh or Tow pressure) which
actuates the devwces ‘should be simulated. Uﬂ]ess position tndicators
are provided, a means to determ1ne whether or not the va]ves have
actually closed must be devised for each 1ndrv1dua1 system because of
the peculiarit1es in each system.
Check Valves S hould pot beused m s”bfea sysrem s

Inspection Requirements (0CS Order No. &)

A1l check valves on all flow lines shall be tested for operation
and holding pressure once each month. |

General Procedures:

To test the check valve, it will have to be back pressured. The
check valve fails to operate properly if any.back Tlow through the |
vyalve occurs, ' !

Liquid Level Shut-in Controls . o

Inspection Requ1rements (0CS Order No. 8)

A1l Tiquid-level shut-in controls shall 'be tested once each month’
by raising or lowering liquid 1eve1 across the 1eve1 control detector

General Procedure:

The preferable way to test the Tiquid- 1eve1 shut ~in contro]s is to
simulate the out-of-tolerance cond1t1ons (11qu1d Tevel either low or
high) at the sensor. This simylation should .cause either the inlet
shutoff valve to .close or the discharge shutoff valve to close. In
this manner, both the controi system and the automaty& valves are tested.
A means will have to be devised for each subsea systei to determine
if the out-of- to?erance condition actually occurred at the sensor if
it was properly detected and if it caused the proper actuation.

Vessel Automatic-Inlet- Shutoff Valves .

Inspection Requirement (OCS Order No.
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AT automat1chd(sfﬁapge shutoff valves actuated by vessel -fow~
}eUBT sensory sha]ﬂ be tested for operation onte each month.
~ General Procedure

Described above under genera] procedure for Lmqu1d -Level Shut-
In Controls, | | '
Vessel Automatic-Discharge-Shutoff Valves .

Inspection Requirement (0CS Order No. 8):

A1l automatic-discharge-shutoff valves actuated by vessel low-
level sensors shall be tested for operation Qdce each month.

General Procédure:

Described above under Liquid-Level Shut—{n Controls,
High-temperature Compressor-Shutdown Contro]s'

Inspection Requ1rcmont (0CS Order No. 8):

High temperature controls which protect the compre5°or against

abnormal pressure$ solely by such temperature safety devices shall be
tested annually. ;

General Procedure: ,

Because of the danger involved in e]evating the temperature suffi-
ciently to cause é temperature device to actuate, it is reccmmended
that each temperaiure device be pre-tested and replaced each year
rather than be te§ted remotely. ‘
011 Spill Detection Equipment

Inspection Requirements (OCS Order 7):

A11 platforms and structures are required to have curbs, gutters
and spill pans connected to a tank or sump. This equipment is required
to collect all hydrocarbon spillage on the p]ﬁtform. It is recommended
that this requirement be extended to require all pnenclosed subsea

equipment to be covered by inverted spill pan} with hydrocarbon sensors
and sumps to remove spillage.

General Procedure:

To test the hydrocarbon spillage detection and removal system,
a controlled spill should be made in each area or section of spill




pans while the sump punps are monitored for proper operat1on. This
method will require a signal to the surface to indicate directly when
the pumps are runnlng or 1nd1rect1y by 1nd1cat1ng a pressure rise in
the affected p1pe11ne due to the pumping action. The indirect method
is preferab]e:becéuse ihe pressole rise not on]y indicates the pumps
are running but indicates they also are pump1nq fiuid. One additional
safeguard should be employed. A TV camera should.be used to observe
the spill pans in the vicinity of the spill to assure that they are
not leaking due to damage or inadequacy of do$1gn;
Hydrocarbon Sensors

Inspect10n Requirements

Hydrocarbon sensors are not covered in the OCS Orders presently
in effect, ; ’

|

General Procedure: :

The general test procedure for the o0il- -spill- detection equipment
aboye will test the hydrocarbon sensors for Operation. In addition,
some means of know1ng when each separate hydrbcarbon sensor in the
spill pan assembl1es has sensed hydrocarbon wil) provide additiona]

protect1on by warn1ng of system degradation before the system is com-
Pletely inoperable. . |

7. Summary and Recommondations | |

This report deals with the inspection problems that have arisen
as a result of the present trend of the offshore oil industry towards
subsea complet1on and production of deep water petroIeJm reserveirs.
Inspection techn1ques for comp]et1on and production equipment are in-
vest1gated but 1nspect1on of riser systems, submersibles and struc-
tures are not 1nc1uded in the scope of this work

A technique has been detailed for ca11brat1on of subsea sensors

and for verwfying the proper operat1on of valves " The technique re-
quires only that 1he 1nspect0rwhave access to.production tubing at
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the surface. By Ectuat1ng subsurface control va1Ves from the surface,
the InSpector can isolate a c]osed fluid path'to the. point of interest.
Pressures read ab the surface {when Lorrectei for hydraulic gradients)
may then be used:to calibrate %ubsurface transducers. Flow rates
measured at the surface can he used to indicaﬁe Teakage rates from
subsurface vq]veﬁ, but fluid in the tubing mu}t bé allowed to reach
sufficient thermal equilibrium with its surroundings so that a false
leakage rate is not indicated due to thermal expansion of the fluid.

This techn1que has been used to work out an inspection procedure
for the Exxon Subsea Production System. The ! procedure demonstrates P
that the necessany closed fluid paths can be’obtained to permit in-
spection of all decesaary points. Thus frama theoretical paint of
yiew, it has been gstablished that accurate evaluation of subsea con-
d{tions can be made from the surface. /ﬁo 1mp1ement the procedures
it would first be necessary to conduct an exper1menta1 program with field
tests to determme operdtiona] prob1ems) ACIth/
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